Abstract.-The main features of the resistivity of amorphous metallic alloys are reviewed. In general the resistivity is large, typically 100-300 uR-cm, with a temperature variation from below 0.05 K to the crystallization point being no more than 10 percent of the total. The magneto-resistivity in most alloys is very small and only weakly temperature dependent even at low temperatures. The resistivity behaviour in different temperature regimes suggest at least three distinct scattering processes areimportant.The paper concludes with a brief description of these processes.
I. GENERAL CHARACTERISTICS.-Amorphous materials are characterized by the lack of long range crystalline order although the degree of short range order may be very high as in the case for covalently bonded semiconductors and insulators. For metallic alloys the requirement of high density to achieve metallic binding necessitates very close packing comparable to that of crystalline metals. As a result there is a great structural similarity among the various amorphous metals which has been modeled after the dense random packing of hard spheres /1,2/ or variants which might include chemical constraints or structural relaxations.
The most common amorphous alloys can be di- o n s e t . F i n a l l y , i t should b e noted t h a t i n many cas e s the r e s i s t i v i t y of amorphous a l l o y s e x t r a p o l a t e s v e r y c l o s e t o t h a t of t h e l i q u i d a l l o y / 7 / , l e n d i n g support t o t h e i d e a of t h e amorphous m a t e r i a l a s a f r o z e n l i q u i d .
2. TEMPERATURE DEPENDENCE.-The d e t a i l s of t h e cond u c t i o n p r o c e s s e s have been sought both experiment a l l y and t h e o r e t i c a l l y i n s t u d i e s of t h e temperatur e dependent p a r t of t h e r e s i s t i v i t y /3,5-13/. These measurements span f o u r o r d e r s o f magnitude on t h e temperature s c a l e from t h e d i l u t i o n r e f r i g e r a t o r range below 50 mK t o c r y s t a l l i z a t i o n s e v e r a l hundred degrees above room temperature. For most s a n p l e s t h e t o t a l change i n r e s i s t i v i t y r a r e l y exceeds 10 p e r c e n t of t h e t o t a l and i n many c a s e s may be consid e r a b l y l e s s . Assuming i s o t r o p i c thermal expansion c o e f f i c i e n t s s i m i l a r t o c r y s t a l l i n e a l l o y s t h e measured temperature c o e f f i c i e n t s o f r e s i s t a n c e (TCR) have a n e g a
t i v e c o n t r i b u t i o n from the volume expans i o n of t h e matrix. Usually t h i s i s a small c o r r e ct i o n except when t h e i n t r i n s i c temperature v a r i a t i o n of t h e r e s i s t i v i t y i s i t s e l f much s m a l l e r than normal.
S e v e r a l common f e a t u r e s of t h e temperature dependence of t h e r e s i s t i v i t y have emerged and a r e suuunarized i n t h e d a t a of f i g u r e 1 and 2. S t a r t i n g from t h e lowest temperature t h e r e i s a very g r a d u a l d e c r e a s e up t o 1 K followed by a more r a p i d f a l l through t h e l i q u i d helium regime p r o p o r t i o n a l tolnT.
Above 10 K where normal phonon p r o c e s s e s become imp o r t a n t t h e d a t a d i v i d e i n t o two broad c a t e g o r i e s .
For the m a j o r i t y t h e r e s i s t i v i t y p a s s e s through a minimum near 20 K and t h e n i n c r e a s e s f i r s t a s T~ /8.11/ followed by a l i n e a r temperature dependence up t o t h e c r y s t a l l i z a t i o n temperature. Most of t h e t r a n s i t i o n metal-metalloid alloys of t h e f i r s t c l a s s f a l l i n t o t h i s category a s i l l u s t r a t e d i n f i g u r e 2 f o r t h e N i r i c h a l l o y s . At t h e same time t h e r e i s a c o n s i d e r a b l e number of a l l o y s o f t e n from the second c l a s s o f e a r l y -l a t e t r a n s i t i o n m e t a l mixtures f o r which t h e TCR i s n e g a t i v e a t a l l temperatures. Gen e r a l l y t h e a l l o y s i n t h i s category e x h i b i t v e r y h i g h r e s i s t i v i t i e s , p > 200 pn-un, a s pointed o u t o r i g i n a l l y by Mooij /14/. As i s e v i d e n t from f i g u r e 2 , s e v e r a l of t h e metal-metalloid systems such a s Nip /5/ and NiPdP 191 c r o s s over from t h e f i r s t t o t h e second category w i t h i n c r e a s i n g m e t a l l o i d cont e n t . Such a c o n c e n t r a t i o n dependence i s o b s e r v e d i n t h e r e s i s t i v i t i e s of t h e l i q u i d a l l o y s of t h i s type. Two experimental o b s e r v a t i o n s should be added t o t h i s g e n e r a l o u t l i n e . The f i r s t concerns d a t a on a few a l l o y s , n o t a b l y s p l a t cooled PdSi 1151 and s e v e r a l quench condensed (Fe, Co, Ni) / I 6 1 samples whose low temperature r e s i s t i v i t y shows o n l y p o s i t iv e temperature s l o p e s even a t 1 K. T h i s i s t o becont r a s t e d w i t h t h e l a r g e number of a l l o y s c o n t a i n i n g t r a n s i t i o n and r a r e e a r t h elements w i t h n e g a t i v e temperature c o e f f i c i e n t s i n t h e l i q u i d helium range, i n c l u d i n g t h e o r i g i n a l PdSi samples. The u b i q u i t y of t h e -1nT v a r i a t i o n over many samples prepared i n many d i f f e r e n t environments would seem t o r u l e o u t a p a r t i c u l a r impurity. The g r e a t s i m i l a r i t y i n t h e magnitude of t h i s term a s shown i n f i g u r e 1 would a l s o r u l e o u t a n i m p u r 4. CONCLUSION.-The data presented in the previous sections suggest at least three scattering mechanisms in addition to the purely magnetic s-f term observed in the rare earth alloys. There is a very low temperature regime characterized by a slow fall from saturation followed by a -1nT variation through the liquid helium range. This behaviour is independent of the magnetic order and even composition to a certain extent leading to speculation that it is related to the highly disordered structure common t o a l l t h e a l l o y s . I n t h e r e g i o n above h e l i u m temper a t u r e s t h e s i m i l a r i t y between t r a n s i t i o n metal-met a l l o i d a l l o y s and many l i q u i d m e t a l s l e n d s s u p p o r t t o t h e Ziman o r d i f f r a c t i o n t h e o r y / 8 / a s a r e a l i st i c d e s c r i p t i o n of t h e r e s i s t i v i t y , both t h e temper a t u r e dependence and t h e s i g n of t h e TCR. The emp h a s i s i s on t h e s t r u c t u r e f a c t o r and i t s v a r i a t i o n at wavevectors n e a r 2kF. I n t h i s approach t h e e l e ct r o n i c d e t a i l s c o n t r i b u t e t o t h e o v e r a l l s c a l e o f t h e r e s i s t i v i t y b u t t o do n o t c o n t r o l t h e TCR d i r e ct l y . Other t h e o r i e s s u c h a s t h e m u l t i p l e s c a t t e r i n g model of H a r r i s e t a l . 1251 p l a c e more emphasis on t h e e l e c t r o n i c s c a t t e r i n g . Indeed, t h e s t r o n g dependence of t h e TCR on a d d i t i o n o f C r and Mo l e a d t o t h e c o n c l u s i o n t h a t t h e s p e c i f i c e l e c t r o n i c s c a t t er i n g a t t h e s e p a r t i c u l a r sites must b e d e a l t w i t h s e p a r a t e l y . Trying t o f o r c e such a l l o y s i n t o t h e same scheme a s Nip i s n o t c o n s i s t e n t w i t h t h e l a r g e changes observed f o r q u i t e s m a l l Cr o r Mo concentrat i o n s .
i t y e f f e c t and p o i n t t o t h e common f e a t u r e s of a d i s o r d e r e d s t r u c t u r e and s t r o ng l y s c a t t e r e d e l e c t r o n i c s t a t e s a s t h e most

